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PURPOSE:!© protect the engagement force of a friction clutch and reduce the size of a motor by 
employing the friction clutch for connecting a pair of transmission shafts capable of free relative 
rotation, and a cam for converting the torque of a motor into a thrust for connecting the friction clutch. 
CONSTITUTIONS output shaft 45 is inserted for free relative rotation into an Input shaft 35. A friction 
clutch 61 is constituted with friction plates 57, 59 which engages with splines 53, 55 formed on clutch 
drums 49, 51 in free movement to the axial direction. A cam is provided for converting tho torquo of a 
motor 67 into a thrust for connecting the friction clutch 61 . On the cam face of this cam, portions which 
do not convert the torque into thrust are formed in steps. Thus, the size of the motor is reduced and the 
motor current may be turned off in each engaged condition, and therefore the motor is prevented from 
a burn and the power consumption is reduced. 
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SPECIFICATION 

1. Title of the Invention 

POWER TRANSMISSION 

2. Claims 

What is Claimed is: 

A power transmission apparatus comprising: 

a pair of transmission shafts capable of free relative rotation; a friction clutch for connecting said 
shafts; a motor capable of external operation; and a cam for engaging said friction clutch and converting a 
torque of said motor to thrust, wherein 

portions which do not convert thrust into torque are provided step-wise on a cam surface of said 

cam. 

3. Detailed Description of the Invention 
[Object of the Invention] 

(Field of Industrial Applicability) 

The present invention relates to a power transmission apparatus used in automotive vehicles and 

the like. 

(Description of the Related Art) 

An actuator for friction engaging device is described in Japanese Patent Laid-open No. Sho 
63-203958. This apparatus converts torque of a motor into thrust, operates a multiple disk clutch disposed 
between a pair of transmission shafts and governs interrupting and transmitting torque between the 
transmission shafts. 

(Problem that the Invention Aims to Solve) 

Although converting torque of the motor to thrust is done by means of a ball screw, normal screw 
and the like, when a ball screw is used a reverse direction torque due to a reactive force from the multiple 
disk clutch is applied to the motor via the ball screw. Accordingly, since a pressing force is lost when 
electric current is cut, an engaging force cannot be maintained constant unless current is continuously 
flowed to the motor during pressing. Hence, there is a concern that the motor field coil will bum up when 
current is flowed in a state where the rotor is fixed. 
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Also, when a normal screw or a worm gear are used to prevent reverse rotation, efficiency is 
impaired, a large horse power motor is required and energy consumption is increased. 

Here, an object of the present invention is to provide a power transmission apparatus in which an 
engaging force of a friction clutch is maintained even if electric current of the motor is cut, and in which a 
similar engaging force (transmission torque) may be obtained with a comparatively small horsepower 
motor. 

[Constitution of the Invention] 

(Means for Solving the Problem) 

According to one aspect of the present invention there is provided a power transmission apparatus 
including: 

a pair of transmission shafts capable of free relative rotation; a friction clutch for connecting the 
shafts; a motor capable of external operation; and a cam for engaging the friction clutch and converting a 
toiquc of the motor to thrust, wherein 

portions which do not convert thrust into torque are provided step-wise on a cam surface of the 

cam. 

(Operation) 

When the motor is cycled, the torque is converted into thrust by means of the cam, the friction 
clutch is pressed and engaged and a transfer portion is linked. At this time, if rotation of the motor is 
stopped at a location where a cam-follower contacts portions which do not covert thrust into torque, for 
example, concave portions or flat portions, provided on a surface of the cam, is possible to gradually engage 
the friction clutch at different strengths. Moreover, because the cam does not reverse at this time, the 
engaging force may be maintained even if electric current of the motor is cut. Particularly in the case where 
the concave portions are provided, a stable engaging force is maintained because the cam follower engages 
these concave portions to be positioned in the rotating direction. 

(Embodiments) 

An embodiment of the present invention will be explained with reference to FIGS. 1 and 2. FIG. 
2 shows a power system of an automotive vehicle used in this embodiment. Herein under, a longitudinal 
direction is the longitudinal direction in the respective drawing, and the left side in FIG. 1 corresponds to 
the front side (upper side in FIG. 2) of an automotive vehicle. Furthermore, members and the like which are 
not assigned reference numerals are not shown in the drawings. 

First, in explaining the automotive vehicle power system of FIG. 2, the power system includes an 
engine 1, a transmission 3, a transfer 5, the power transmission apparatus 7 of the present invention, a 
propeller shaft 9 for the front wheels, a front diff 11 (differential device for the front wheels), front axles 13, 
15, bilateral front wheels 17, 19, a propeller shaft 21 for the rear wheels, a rear diff 23 (differential device 
for the rear wheels), rear axles 25, 27, bilateral rear wheels 29, 3 1 and the like. 

Next, a construction of the power transmission apparatus 7 will be explained. A housing 33 is 
mounted inside a case of the transfer 5. A hollow input shaft 35 (transmission shaft) is supported so as to be 
capable of rotating at an opening portion provided at a left end of the housing 33 via a bearing 37. A ring 
gear 39 is fixed to the input shaft 35 outside the housing 33. The gear 39 is rotatably driven by driving force 
from the transmission l[ An output shaft 45 ^transmission shaft} is insertedjn the input shaft_3_5_so as to be_ „ 
capable of free relative rotation, the output shaft 45 is connected at the propeller shaft 9-side and transfers 
driving force of the engine 1 to the front wheels 17, 1 9-side. A seal 47 is disposed between the input shaft 
35 and output shaft 45. 

In an interior of the housing 33, clutch drums 49, 51 are formed at right-end portions of the input 
/output shafts 35, 35, respectively. Internal external friction plates 57, 59 are alternately disposed at splines 
53, 55 formed at each drum and are engaged so as to be capable of moving in an axial direction, and a 
multiple disk clutch 61 (friction clutch) is thus constructed. A pressure ring(s) 63 is disposed at the left-end 
portion of the multiple disk clutch 61. 

A motor 67 capable of reverse rotation is mounted to an outer portion of a right side wall 65 of the 
housing 33, and a gear 71 is formed at a tip of a rotor spindle 69 which passes through the side wall 63j._^ 
Also, a cam ring 75 is supported so as to be capable of rotating at an inner side of the right side wall 65 via 
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a bearing 73. A gear 77 is formed at a circumferential portion of the cam ring 75, and the gear 77 meshes 
with the gear 71 of the rotor spindle 69. Accordingly, the cam ring 75 may be reversibly driven by the 
motor 67. The motor 67 is constructed such that activation, normal rotation, reverse rotation, stopping etc. 
are performed automatically based on steering conditions, road surface conditions and the like. 

As can be seen in FIGS. 1 (b), (c), (d), a cam(s) 79 is formed on a left-side surface of the cam ring 
75. Concave portions 83 are formed at equal intervals in a plurality of locations along a taper portion 8 1 , as 
shown in FIG. (e) which miniaturized in the axial direction and expanded in the height direction. Such a 
cam 79 is formed in three (3) pieces in a direction of the taper. As shown in FIG. 1 (d), a highest point 85 of 
each cam 79 and a lowest point 87 of an adjacent cam 79 are connected via a relatively steep, compared to 
the taper portion 8 1 , taper portion 89. In each cam 79, a ball 9 1 which is a cam follower is supported so as 
to be capable of rotating in each cam surface, as shown in FIG. 1 (b). Each ball is maintained at an equal 
interval in a circumferential direction by means of a retainer 93. 

A moving ring 95 is connected so as to be to be moveable in an axial direction inside the housing 
33 by means of a spline portion 97. Concave spherical portions 99 are provided in a right-side surface of the 
ring 95 and a respective ball 91 is engaged so as to be capable of rotating in each concave portion 99. A 
needle bearing ring 101, ring 103, return spring 105 and pressure ring 107 of the multiple disk clutch 61 are 
disposed contacting one another at a left side of the moving ring 95 to construct a pressure transmission 
system. Thus, a power transmission apparatus 7 is constructed. 

Accordingly, when the cam ring 75 is rotated by the motor 67, the balls 91 raises the cam surface 
of the cam 79 and this thrust presses and engages the multiple disk clutch 61 via the above mentioned 
transmission system. When the multiple disk clutch 61 is engaged, the input shaft 35 and output shaft 43 
are connected and a driving force from the engine 1 is transferred to the front wheels 17, 19. When the cam 
ring 75 is rotated in the opposite direction, the balls 91 lower the cam surface which is moved to the right by 
energization of the return spring 105 and the engaging force of the multiple disk clutch 61 is weakened or 
the clutch is opened. Rotating the cam ring 75 in the engaging direction increases, and rotating opposite the 
engaging direction decreases, the engaging force of the multiple disk clutch 61 and transmission torque of 
the front wheels. 

When the balls 91 are engaged with the concave portions 83 of the cam 79 in accordance with 
rotation of the cam ring 75, reactive thrust from the multiple disk clutch 61 is not converted into torque and 
the ring 75 is not rotated. Accordingly, here, the engaging force of the multiple disk clutch 61 is maintained 
even if the electric current of the motor 67 is cut; and since the balls 91 are positioned this way on the cam 
79, the engagement state is stable. When the ball 91 is in the vicinity of the highest point 85 of the cam 79 
and the cam ring 79 is further rotated in the engaging direction, the ball 91 falls down the taper portion 89 
and moves to the lowest point 87 and it is possible to open the multiple disk clutch 61 at once. 

Hence, by rotating the cam 75 and engaging the balls 91 in each concave portion 83, it is possible 
to stabilize and engage the multiple disk clutch 61 with gradual strength, and it is also possible to cut the 
electric current of the motor in each engagement state. Accordingly, there is no fear that the motor 67 will 
bum up and power consumption may be reduced. Also, since a conversion ratio of torque — » thrust is high 
compared to the conventional example of a normal screw or worm gear, the motor 67 may be small in size 
and have a small torque. 

Moreover, as shown in FIG. 1 (f), flat portions 115 may also be formed in a rotating direction of a 
cam ring 1 13 part way along taper portions 1 1 1 of a cam 109, similar to the concave portions 83 on the cam 
79. 

Next, functioning of this embodiment will be described with reference to the power performance 
of the automotive vehicle of FIG. 2. 

An automotive vehicle is put into a four wheel drive (4 WD) driving state when the multiple disk 
clutch 61 of the power transmission apparatus is engaged. Since the rear wheels 29, 31 are directly driven 
by the engine 1, a drive force distribution ratio between the front and rear wheels may be selectively 
changed if the transmission torque of the multiple disk clutch 61 is adjusted, and automotive vehicle power 
characteristics may be controlled as below. 
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That is, a differential limiting-amount of the front and rear wheels increases as the engagement 
force of the multiple disk clutch 61 becomes stronger and direct stability characteristics of the automotive 
vehicle increase. Also t even if the rear wheel 29, 31-side should slip, driving characteristics of the vehicle 
are maintained because driving force is transferred to the front wheel 17, 19-side. Maneuverability is 
increased in an automotive vehicle permitting a differential between front and rear tires when engaging 
force of the multiple disk clutch 61 weakens, and the phenomenon of tight corner braking is prevented. 

Driving force transfer to the front wheel-side is interrupted when the multiple disk clutch 61 is 
opened and a rear wheel drive, two (2) wheel driving state comes about, and, together with obtaining those 
sort of driving characteristics, fuel consumption also improves compared to when traveling in 4WD. 

As stated above, the engaging state of the multiple disk clutch 61 is stable and there is no change 
in the engaging force due to vibration and the like while traveling. 

[Effects of the Invention] 

Accordingly, die puwci transmission apparatus of the present invention is constructed so as to 
covert the torque of a motor into thrust by means of the cam and engage the multiple disk clutch. Hence, the 
motor may be small in size. Also, portions which do not covert thrust reactive force into torque are 
provided step-wise on the cam surface. Hence, the engaging force (transmission torque) of the multiple 
disk clutch may be gradually increased and decreased, and since the electric current of the motor may be cut 
in each engaging state, the motor is prevented from burning up and power consumption may be reduced. 

4. Brief Description of the Drawings 

FIGS. 1 relate to an embodiment and, (a) is a cross sectional view, (b) is a cross section taken 
along line A-A in (a), (c) is a cross section taken along line B-B in (b), (d) is a development of the cam, (e) 
is a partially enlarged drawing of the longitudinal direction in (d), (f) is a development showing another 
construction of the cam, and FIO. 2 is a skeleton structure diagram showing a power system of an 
automotive vehicle used in the embodiment of FIG. 1(a). 
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